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(54) Stacked display device and method of driving tlie sanfie 



(57) A display device (30*) has two or more display 
elements (32. 34, 37). The display device is addressed 
by applying a data signal for one display element and a 
strobe signal for a second display element to an elec- 
trode (36) common to both display elements. The data 



signal for the one display element is applied to one part 
of the electrode (36) and the strobe signal for the second 
display element is applied to a second part of the elec- 
trode (36). so that the two signals can be applied simul- 
taneously. 
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Description 



ieoTons anb holas occurs naa, ,h. Wsrtac. .t^^*" "J "J^J/^ di^^^^^ ™,e,ials<o,m. emiwr 

and organic materials can be used as the emitter layer. ^^nwontinnai EL devices which are described 

10004,' Fi,u„s ,,a, an. , m 7^"r™'"^^^^ * 

in "Journal of Applied Physics , 65 (9). May 1 989 pp " ^ ^TL In both devices. In the device shown 

^ .... « nlAz-^tr/^uHo A 



idoped. Electrons are injected Irom an Mg:Ag electrode 4 ^^^^ ^ 

Sic Ic colc.™ can « cb,a»,«, .y .slr.9 ^r;^*-" 'rSTaTpiJ^^ « 

src:r:aVrLrrsrr;:ri:sxs^ 

P?rTa™:=..rE.a..a,..,e™.,..a^^^^^^^^^^ 

they absorb light and thus heat up the display device^ use transparent EL elements, and stack two or more elements - 

^iioreSi^ors^^ 

fS^^'fg. 2^:; m^tructure o. such an electro.^^ 

Located w?th an indium tin oxide (ITO) film 7 which ^--P^^^^^^^^^^ 

A (20nm) thick layer of the hole conducting material N.N '^'P'^^^'-^-^^^'^f^^^^^^^ 400 A {40nm) thick layer 

(T^PD). Jhich . de^sited ther« Typically. EL devices 

of the electron conducting and light ^"^'"'"9 "^°^,nction alloy such as Mg.Ag for injection of electrons, 

have thick, opaque upper electrodes composed of a low L optical skin depth, followed 

^^rvTy^^fi™^^^ 

Por=™t:?h-nMg-Ag.^^^^ 

mask by co-evaporatk^n of Mg and Ag in a ratio of 30.1 • ^^^^.^^^"^ 'J '^^J^^^^ The target, housed in amagnetron 
EL alc.™™ , 2. This la dascribad in -Appl^ Phy«.c, La«a,s £ ffO) , 6. 1 7 and ,8 ar. a 600A 

■ SSrsra:;rraiXi:?^^p?r.aT^^^^^ 
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above, there are still a number of problems associated with them. Three separate EL elements are required for a full 
colour display. In a passively addressed device, each EL element would need its own strobe electrode layer and data 
electrode layer. If the elements were simply stacked one above another, the strobe electrode layer of one element 
would be adjacent to the data electrode of another EL element. It would thus be necessary to provide additional Insu- 
5 latlng layers in the device if the three elements were to be driven simultaneously and this would complicate the structure 
of the device. It would be possible to drive the three elements sequentially without providing intermediate insulating 
layers, but this would reduce the brightness of the display. While the brightness can be restored to the required level 
by using larger driving voltages, it is undesirable to do this because using larger driving voltages will shorten the lifetime 
of the device. 

10 [0014] GB-A-2 194 376 discloses a display device having an electrode layer, a first light-emitting layer, a second 
electrode layer, a second light-emitting layer, and a third electrode layer disposed in this order. The first light emitting 
layer is driven by applying a voltage between the first and second electrode layers, and the second light-emitting layer 
is driven by applying a voltage between the second electrode layer and the third electrode layer. The first and second 
light-emitting layers are driven sequentially, so that this device suffers from the disadvantages outlined above. 

15 [0015] US-A-4 41 6 494 discloses an EL device having a first electrode, a first EL layer, a second electrode layer, a 
second EL layer, and a third electrode layer. In operation, the second electrode layer is earthed, and an A.C. voltage 
is applied between the first and third electrode layers. This driving method is adopted so that the voltages applied 
across the two EL layers are 180* out of phase with one another to suppress the generation of piezoelectric noise. 
[0016] US-A-4 777 402 discloses a device having two stacked EL layers. An electrode layer is disposed between 
■20 the two EL layers, and this consists of two separate electrodes. A conductive film is placed below the lower EL layer, 
and another conductive film is placed above the upper EL layer. In use^ a voltage is applied between the two electrodes 
making up the electrode layer. The conductive films act as equi-potential surfaces, so that an electric field is established 
between the electrode layer and each of the transparent conductive films. It is not possible to control the electric field 
applied to one EL element independently from the electric field applied to the other EL element. 

25 [0017] The structure of the device of US-A-4 777 402 is adopted so as to reduce the number of electrode leads 
required in the device. 

[0018] Another problem with these known EL displays is that the prior art manufacturing method involves sputtering 
ITO onto Mg: Ag alloy contacts. The sputtering gas must contain oxygen in order to produce ITO, but this is undesirable 
since the oxygen will react with the Mg:Ag so leading to the formation of an MgO layer on the contact. Thisjeads to 

30 poor film quality and rapid degradation of the device Moreover, the MgO layer is an electrical insulator and its presence 
will increase the resistance of the contact and so lead to higher operating voltages and a lower operating efficiency. 
[0019] A first aspect of the present invention provides a method of driving a display device having first and second 
display elements, the method comprising the step of applying a data signal for the first display element and a strobe 
signal for the second display element to an electrode layer common to the first and second display devices, the data 

35 signal for the first display element being controllable independently from the strobe signal for the second display ele- 
ment. This avoids the need to provide two separate electrode layers - one for each display element - with an insulating 
layer between them. 

[0020] The data signal for the first display element and the strobe signal for the second display element may be 
applied to the common electrode layer simultaneously. This means that the brightness of the display can be maintained 
40 without the need to increase the signal voltages. 

[0021] During a scanning period, the data signal for the first display element may be applied to a first part of the 
common electrode layer and the strobe signal for the second display element may be applied to a second part of the 
common electrode layer different from said first part. 

[0022] The first part of the common electrode layer and the second part of the common electrode layer may together 
45 constitute the entire common electrode layer This also sen/es to maintain the brightness of the display 

[0023] The common electrode layer may comprise a set of row or column electrodes and method may comprise 
applying the strobe signal for the second display element to a selected row or column of the common electrode in the 

scanning period. 

[0024] Since the strobe signal for the second display element is applied to the same electrode as the data signal for 
so the first display element, one pixel (in the case of a pixellated display) is not driven in the row or column of the first 
display element that is being addressed in a scanning period. Over a complete frame, one pixel in each row and column 
will not be addressed in the first display element. To alleviate this, the method may comprise applying a strobe signal 
for the first display element to a strobe electrode layer comprising a set of column or row electrodes; and may further 
comprise the steps of 

55 

a) applying the strobe signal for the first display element to a selected column or row electrode of the strobe 
electrode layer in a scanning period in a first frame and simultaneously-applying the strobe signal for the second 
display element to a row or column electrode of the common electrode layer; and 
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frame, the effect of the non-addressed pixels on a displayed image is reduced. 
100251 The data signal for the first display element and the strobe signal for the second display element may be 
applied to the electrode layer in a time-mult.plex manner comprising first and second display ele- 

[00261 A second aspect of the present .nvention P <^«^?f; ^^^^^^ S'heTcond *splay element; and a address 
ments; an electrode 'ayer disposed between ^^^^^^^^^^^ V ^^^^ ^^^^.^^ ,,,^3,, 

[0027] The address generator may be adapted to fPPlV l^/^^^^^^"^^*^^^ ,Lt the brightness of the 

turn, means that the life of the display device is not ^educed. ^.^^^ 

LSntt?:r;ronh:=e^^r^^^^ 

To^aT Srparrh?:;:ctrcSe Ta^rand the second part of the electrode layer may together constitute the 

entire electrode. This also senses to maintain the ,''"f»"^f°V^firtu^nsDarent display element, a second electrode 
[0030] The display device may comprise ^^^^^^^^^^^^^^^ in this order, and a address 

layer, a second transparent display element, for the first display element to the first 

comprises a set of row or column electrodes; and the address generator may be adapted. 

element to another row or column electrode of the second electrode layer. 
[0032] A third aspect of the present invention provides ^^^^^l^^^^^^^^^^^ 

Iransparent display element, a second electrode layer. '^^"^^^^^^^ ,0 app^ a first data 

layer disposed in this order; and an address f " the second display 

Tmrtrtid^^^^^^^^^^ 

S-^Vrdi^y^rraVSercom^^^^^^^ 

layer, and a fourth electrode layer disposed on the '^^'f j^'^Pf y^';':^'^^^^^^ 1^,3 third display element to the third 
to the accompanying drawings in which: 

. Figures 1 (a) and 1 (b) are schematic sectional views of two conventional EL devices; 
Figure 2 is a schematic sectional view of a conventional transparent EL device; 

Figure 3 is a schemata sectional view of another conventional transparent EL device, which comprises a red EL 
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element and a blue EL elennent; 

Figure 4 schematically shows the structure of a stacked two-layer EL device according to a first embodiment of 
• the present invention; 

5 

Figure 5 schematically shows the structure of a stacked three-layer EL device according to a second embodiment 
of the present invention; 

Figure 6 shows a set of suitable normalised data and strobe voltages, the resulting voltages applied to the emitter 
10 layers, and a corresponding current v voltage diagram; 

Figure 7 shows another sist of suitable normalised data and strobe voltages, the resulting voltages applied to the 
emitter layers, and a corresponding current v voltage diagram; and 

IS Figure 8 shows the structure of the EL device of Figure 5 in detail. 

[0036] One embodiment of an EL device according to the present invention is shown schematically in Figure 4. This 
EL device 30 comprises two vertically stacked, pixellated, transparent EL elements which emit light of different wave- 
lengths. In this embodiment, the two elements emit red and blue light, but other colour combinations are possible. The 
. '20 two elements could emit another combination of two primary colours (i.e., red and green, or green and blue), or one 
could emit a primary colour and the other could emit the appropriate complementary colour (i.e., red and cyan, green 
and magenta, or blue and yellow). 

[0037] The device 30 has a first set of data electrodes 31 for the first (red) EL element, a first emitter layer 32 for 
emitting red light, a strobe electrode layer comprising a. set of strobe electrodes 33, a second emitter layer 34 for 

25 emitting blue light and a second set of data electrodes 35 for the second (blue) EL element. The strobe electrodes 33 
are common to both EL elements. The data electrodes 31 for the first EL element are parallel to the data electrodes 
35 for the second EL element. Both sets of data electrodes are perpendicular to the strobe electrodes 33, and a pixel 
is defined where a data electrode crosses a strobe electrode. In Figure 4 the device is shown when a select strobe 
voltage is applied to the second row of the strobe electrode, so that the pixels in the second row of each EL.alement 

30 are emitting light. 

[0038] The strobe signal applied to the shared strobe electrode layer can act as the strobe signal for both EL elements 
at once. Data signals for the first and second EL elements are applied simultaneously to the first and second sets of 
data electrodes 31 . 35. It is possible to address both EL elements simultaneously, but independently of one another, 
owing to the shared strobe electrode layer 33. 

35 [0039] If a full colour EL device is desired, it would need to have three EL elements. It would be possible for two of 
the three EL elements to share one data electrode layer. This could be done by addressing the two elements alternately, 
but this would require the address times for these two elements to be half the address time for the third EL element. 
This would increase the voltage needed and reduce the lifetime of the display Alternatively, if the address time is not 
reduced, the brightness of the display would be decreased. 

40 [0040] Figure 5 shows an EL device 30' according to another embodiment of the present invention. This device 30' 
has three transparent EL elements stacked one above the other and can thus provide a full colour display In detail, 
the device has a first set of data electrodes 31 for the first EL element, a first emitter layer 32 for emitting light of a first 
wavelength, a first set of strobe electrodes 33 common to the first and second EL elements, a second emitter layer 34 
for emitting light of a second wavelength, a bi-functional electrode layer comprising bi-functional electrodes 36, a third 

45 emitter layer 37 for emitting light of a third wavelength and a second set of data electrodes 38 for the third EL element. 
[0041] The strobe electrodes 33 are perpendicular to the data electrodes 31 , so as to define a matrix of pixels in the 
emitter layer 32 of the first EL element. The bi-functional electrodes 36 are perpendicular to the strobe electrodes 33. 
so as to define a matrix of pixels in the emitter layer 34 of the second EL element. The data electrodes 38 are perpen- 
dicular to the bi-functional electrodes 36, so as to define a matrix of pixels in the emitter layer 37 for the third EL element. 

so [0042] The bi-functional electrodes 36 between the second and third emitter layers have to supply both the strobe 
signal to the third emitter layer and the data signal to the second emitter layer Again, it would be possible to do this 
sequentially, but this would have the aforementioned drawbacks. 

[0043] According to an embodiment of this invention, the signal applied to the bi-functional electrodes contains the 
•strobe signal for the third EL element within the data signal for the second EL element. As shown in Figure 5. in any 
55 one scanning period, one of the electrodes (the third from the left in Figure 5) of the bi-functional electrodes 36 is 
supplied with the select strobe signal for the third EL element. The remainder of the bi-functional electrodes 36 are 
supplieid with the data signal for the second EL element. 

[0044] In the row of pixels of the second EL element that is being addressed, one pixel is not correctly addressed. 
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.n me addressing state shown in Figure 5. this is ^''^ ^hird pixel rex. t e.e^^^^^^^^ 

[0045] In the next scanning period, the next bi-funct,onal electrode (the '°"rth f rom ^J^^P^^^ ^jg^, 

5) is supplied with the select strobe signal for the third EL elemen . ^^^^^^^^^^ EL 

over an entire frame one pixel of each column of the second EL element and ^"^P"'^^' °\ J'^^^'^^ °' " ^^rm a diag- 
element would not be addressed properly. These -no-colour-two- P^^^'^ ^"'^^^^^^^ element 
onal of the display. They cannot be chosen entirely freely, because each column and each row oi ine 

roS^rin re^m^intise the effect of the "no-colour-two" pixels, it is possible to address the display such that the 
and third EL elements are driven normally. w tho fir^t and second EL elements select a row of pixels, 

,ows and si« columns, as sho«n m Figure 5. the ^'^'•^ ^''^;^^±^^'l^,°g„^, app W lo m. W- 
,o,m. «.s, and second 

displays which are simultaneously addressed For example, a 4 x b aispiay coui 

there is, therefore, an additional constraint on '"^'^J^^.^^ZlTtZr^e 33 for cS^ufs 1 and 2 and the strobe 

xraSre— ^^^^^^^^ 

' F-^-:"g a structure having three EL elements, a preferred set of addressing voyages is as follows: 



Data voltage for colour one 

Strobe voltage tor colours one and two 

Data voltage for colour two 

Strobe voltage tor colour three 

Data voltage for colour three 



mV to (n + m)V 
(n + m)V 
mV to (n + m)V 
(2n + m)V 

(n + m)Vto"(2n + m)V. 



me maxwum vcJtag. modulus appM lo non.add™ss.d pixels .s 2nV, Figur. 6 show. Ih. case ■mc m 
ro;SriS.mbodlmen,,,ne..h.v^ge.,o,meem»«,«ve^.oi~-.^^^^^^^^^^^^ 

unll.) and m. dala voltages lo, these emitter layers are f ™ '^^^ J"* to ^e a votege ol . 1 

srrrt;xir;::r::;r.^:=^^^^^ 

Sre^t^e vonage across a p»,l. and Ihis will not '-"'^'^^'^^''^S^S^ .or the co^ur 3 aminer ,a,er 
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35 



40 
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cannot combine to switch a pixel in the colour 3 emitter layer to the ON state. The data voltages shown in Figure 6 for 
the emitter layers for colour 2 and 3 satisfy this requirement - they combine to produce only negative or zero voltages 
across the emitter layer for colour 3. 

[0058] For a structure with three EL elements, an alternative set of preferred addressing voltages is as follows: 



Data for colour one 


1 mV to (2n + 


m)V 


Strobe for colours one and two 


1 (3n + m)V 




Data for colour two 


j mV to (2n + 


m)V 


Strobe for colour three 


1 (4n + m)V 




Data for colour three 


j (n + m)V to 


(3n +m)V 



[0059] In this addressing scheme a positive voltage is defined to be required for light emission. Non-addressed pixels 
see a voltage between -4nV and nV, whereas addressed pixels see a voltage between nV and 3n V (according to the 
,5 desired brightness). A disadvantage of this scheme is that some non-addressed pixels see positive voltages. However, 
this addressing scheme has the advantage that the maximum voltage modules applied to any pixel is not significantly 
higher than the maximum positive voltage. Figure 7 shows this addressing scheme for the case m = O and n = 1 
(arbitrary units). 

[0060] The set of addressing voltages used will depend on the current/voltage characteristics of the EL elements. 
For example, the addressing voltages shown in Figure 7 would not be suitable for use with EL elements having the 
current/voltage characteristics shown in Figure 6. This is because the addressing voltages shown In Figure 7 produce 
a positive voltage across some non-addressed pixels, and these pixels would be switched ON in a EL element having 
the current/voltage characteristics shown in Figure 6. 

[0061] Of course, the addressing method of this invention is not limited to use with EL displays but can. in principle, 
be used to address any device in which two or more elements share a common electrode layer. 
[0062] Figure 8 shows the structure of the EL device of Figure 5 in detail. The device has a glass substrate 40. on 
which is deposited an ITO electrode 41 and a semi-transparent Mg:Ag layer 42 (the layers 41 and 42 together corre- 
spond to the first data electrodes 31 in the device shown in Figure 5). An ETL 43 which is the emitter layer for colour 
1 and corresponds to the layer 32 in Figure 5, Is grown over the Mg:Ag layer 42, and a HTL 44 is grown on. the ETL 
43. Layer 45 is another ITO electrode layer, over which is grown a further semi-transparent Mg:Ag 46 (the layers 45 
and 46 together correspond to the strobe electrode layer 33 in the device of Figure 5). Next, and ETL 47. which is the 
emitter layer for colour 2 and corresponds to the emitter layer 34 in Figure 5. is grown and a second HTL is grown over 
the ETL 47. A third ITO electrode 49 is grown over the HTL 48. and this electrode layer corresponds to the bi-functional 
electrodes 36 of Figure 5. A third HTL 50 is grown over the third ITO layer 49. A third ETL 51 . which forms the emitter 
layer for colour 3 and corresponds to the emitter layer 37 in the device of Figure 5, is grown over the third HTL 50. The 
device is completed by a Mg: Ag layer 52 which is disposed over the third ETL 51 . An Ag layer (not shown) can be 
disposed over the uppermost Mg:Ag layer 52. 

[0063] A address generator 53 applies appropriate voltages to the electrode layers 31 , 33, 36 and 38. 
[0064] If the layers are grown in this order, the ITO layers are grown on the HTL layers (or on the substrate). These 
layers are less reactive than Mg; Ag. so that the oxygen present during the sputtering process is less likely to react with 
the HTL layer and thus be incorporated into the HTL layer during the sputtering process. 
[0065] This inhibits the formation of an oxide layer (which would be electrically insulating) on the electrode. 
[0066] An alternative method of addressing the problem of oxygen reacting with an Mg:Ag layer in the conventional 
manufacturing method is to use AI:Li electrodes instead of Mg:Ag electrpdes. AliLi is a very stable alloy, and so is 
45 much less reactive with oxygen than is Mg:Ag. 

[0067] The devices described in this application can be manufactured using conventional growth techniques. 



Claims 



1. A method of driving a display device having first and second display elements (34, 37; 47,51), the method com- 
prising the step of applying a data signal for the first display element (34;47) and a strobe signal for the second 
display element (37;51) to an electrode layer (36;49) common to the first and second display devices, the data 
signal for the first display element being controllable independently from the strobe signal for the second display 

55 element. 

2. A method of driving a display device as claimed in claim 1. wherein the data signal for the first display element 
and the strobe signal for. the second display element are applied to the common electrode layer (36;49) simulta- 
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10 



IS 



20 



A method of driving a display device as claimed in claim 2 wherein, for a scanning period, the da a s'9"^'j°;»J^ 
LTSy e^mentl applied to a first part of .the common electrode layer and the strobe signal forthe second 
S?ay e«s applied to a second part of the common electrode layer different from sa.d f .rst part. 

A method of driving a display device as claimed in claim 3 wherein the first part of the common Jectrc^e layer 
and meVe^ond part of the common electrode layer together constitute the entire common electrode layer (36) 

A method Of drivina a display device as clairT>ed in claim 3 or 4 wherein the common electrode layer (36>49) 
com^SS a sJt of ?ow oSmn electrodes and the strobe signal for the second display element .s appi.ed to a 
selected row or column of the common electrode layer in the scannng period. 

A mPthod of drivina a display device as claimed in claim 5, and comprising applying a strobe signal for the first 
5isp4llr;r;;^^^^^^^^^ (33:45.46). the strobe electrode layer (33;45.46) compns.ng a set of 

column or row electrodes; 

the method further comprising the steps of 

aoDlvina the strobe signal for the first display element to a selected column or row electrode o1 the strobe 
e ccuode ?ayer ^3 45,4?) in a scanning period in a first frame and simultaneously apply.ng the strobe signal 
Stir sec^d dfsplay element to a row or column electrode of the common electrode layer; and 
b) applying^^^^^^ for the first display element to the selected column or row electrode of the s obe 

IcKe layer (33 45,46) in a scanning period In a second frame and simultaneously ^PP'y'"9 J 
Igna^or he second disp ay element to another row or column electrode of the common electrode layer (36. 



25 49). 



7. 



8. 



manner. 



35 display element independently from the strobe signal for the second display element. 



(36;49). 



second display element to a second part of the electrode layer different from sa.d first part. 
A display device as claimed in claim 10 wherein the address generator (53) is adapted to aPP'V ^ata signalfor 

lctrc?eCr?3r45 46).to apply the datasignal^ 
• T^^eZrl^if^ siondTctrode layer (36;49). and to apply a data signal for the second display element 

ss to the third electrode layer (38;52). 

A riisr^lav device as claimed in claim 12 wherein the first electrode layer (33;45,46) comprises a set of column or 
forjJSrSes Ind meTecond electrode layer (36;49) comprises a set of row or column electrodes; and wherein 
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the address generator is adapted: 

a) to apply the strobe signal for the first display element to a selected column or row electrode of the first 
electrode layer (33;45.46) in a scanning period in a first frame and simultaneously to apply the strobe signal 

5 for the second display element to a row or column electrode of the second electrode layer: and * 

b) to apply the strobe signal for the first display element to the selected column or row electrode of the first 
electrode layer (33; 45,46) In a scanning period in a second frame and simultaneously to apply the strobe signal 
for the second display element to another row or column electrode of the second electrode layer (36,49). 

10 14. A display device comprising a first electrode layer (31 ;41 ,42), a first transparent display element (32.43), a second 
electrode layer (33;45,46). a second transparent display element (34;47), and a third electrode layer (35;36;49) 
disposed in this order; and an address generator (53); and wherein the address generator is adapted to apply a 
first data signal for the first display element to the first electrode layer (31,41,42). to apply a second data signal 
for the second display element to the third electrode layer (35;36;49). and to apply a strobe signal for both the first 

IS display element and the second display element to the second electrode layer (33,45,46). 

1 5. A display device as claimed in claim 1 4 and further comprising: a thi rd transparent display element (37;51 ) disposed 
on the third electrode layer (36;49); and a fourth electrode layer (38;52) disposed on the third display element (37; 
51 ); and wherein the address generator (53) is adapted to apply a data signal for the second display element and 

•20 a strobe signal for the third display element to the third electrode layer (36;49). and to apply a data signal for the 

third display element to the fourth electrode layer (38;52). 

16. A display device as claimed in any of claims 8 to 1 5, wherein the display devices are transparent electro-lumines- 
cent display devices. 

2S 
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